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Therefore, a tool is needed to make it easier for researchers, so there is no need to go back 
and forth to retrieve data. This research has the following research method stages, (1) 
literature study of theories to design the system from the tools to be made, (2) system 
design, (3) analysis of device requirements, (4) tool calibration process (data can be said 
to be valid if the error does not exceed 1%), and (5) data processing is according to 
agricultural research needs. In this research, a tool that has calibrated with an appropriate 
measuring instrument produced. Measuring temperature, humidity, and light intensity 
designed with a microcontroller and other sensors with a data storage base on an SD card. 
The measuring results show that the temperature values fluctuate between 16.9 °C to 28.2 
°C. The value of air humidity tends to remain at the value of 99.9%. At the same time, the 
value of light intensity ranges from 202 to 606 Cd. The relative error of temperature, 
humidity, and light intensity is 0.007%, 0.082%, and 0.016%. Therefore, each 
measurement indicator has a relative error value of <1% so that the designed tool has valid 
and under the standardized measuring instrument. 
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1. Introduction 
One of the factors that are closely related to plant growth and development is environmental factors. 
More specifically, the environmental factors in question are ambient temperature, sunlight intensity, 
and air humidity. The right and optimal temperature and humidity are needed to achieve the best plant 
quality. Conditions of temperature and/or humidity that are too high can result in plant death. On the 
other hand, sufficient sunlight is needed by plants as energy for photosynthesis, processing mineral 
materials from the soil and producing nutrients [1]. 
Apple (Malus sylvestris) is one of the fruit crop commodities which can cultivate in Indonesia's 
territory. This commodity is an annual plant originating from the subtropics [2]. Apples are cultured in 
vitro and contain phenolic compounds that can prevent cancer and show antioxidant activity [3]. Apple 
cultivation requires more than 1000 hours of cold weather with an average temperature of 16–27 °C. 
Temperatures that are too high or too low will significantly affect the quality of the fruit produced. 
Apple cultivation also depends on irrigation and environmental factors. Furthermore, there is a direct 
relationship between temperature patterns and irrigation requirements for apple cultivation. In addition, 
climatic factors (especially rainfall) also play a significant role in the productivity of apple plants [4]. 
So that an environmental study based on an automatic measuring device is needed to reveal some of the 
constraints and optimal environmental conditions to optimize the production of apple cultivation [5]. 
 Batu City is an area with a regional agro-climate that supports the cultivation of horticultural 
commodities, one of which is apples [6]. The abundance of apples in Batu City and its surroundings has 
encouraged many MSMEs and home industries to produce various apple-based processed foods [7]. 
One of the research institutions in Batu City tasked with researching subtropical fruit is the Research 
Institute for Citrus and Subtropical Plants (BALITJESTRO). BALITJESTRO is located at an altitude 




of ± 950 m above sea level, precisely under the foot of Mount Panderman, Tlekung Village, Junrejo 
District, Batu City, East Java [8]. Data on environmental temperature, light intensity, and air humidity 
are needed at the research centre to take solutions for plant cultivation. The location of the observed 
plant objects is often far in the middle of the mountains, causing periodic data collection to take a long 
time and is inefficient. 
Technological developments have been used in various fields of science, including agriculture. 
Technological support in agriculture has proven to provide better production results, especially data 
synchronization and time efficiency [9]–[11]. Therefore, this study seeks to design a measuring device 
for environmental temperature, light intensity, and air humidity to support the monitoring of plant 
growth and development in BALITJESTRO. The tool is designed with a practical design, so it is easy 
to carry anywhere. The value of the measurement results can be known directly through the LCD screen 
and the monitoring file is stored in the SD card (data logger system). A data logger is an electronic 
device connected to a sensor that functions to record data periodically [12]. In addition, the data 
obtained can be processed according to the needs of agricultural research, one of which is a graph of 
changes in environmental factors. These results can be used as further analysis in identifying 
environmental factors on plant growth and development. 
 
2. Method 
This research has four stages of research methods. First, literature study of theories related to the results 
of problem identification to design the system of the tool to be made. Second, system design based on 
the theories that have been obtained. Third, needs analysis includes the needs and integration of software 
and hardware following the plans that have been made. The last stage is the tool calibration process. 
The data obtained is said to be valid if the data error value does not exceed 1%. 
 
2.1. Hardware Design 
The hardware design contains the design of a series of electronic devices used to make tools. The 
electronic circuit used in measuring environmental temperature, humidity, and light intensity can be 
seen in Figure 1. Part (a) is a battery as a voltage source for the appliance. The battery used has a 
potential difference of 9 volts. Part (b) is Arduino Mega 2560 microcontroller with ATmega2560 chip 
[13]. Part (c) is switching with two main buttons. Part (d) is the SD card module. Part (e) is the RTC 
DS3231. Part (f) is the DHT22 module. Part (g) is the LDR sensor. Last, part (h) is a 16×2 LCD as a 
data viewer. 
The temperature and humidity sensor used in this study is the DHT22 module. One of the 
advantages of DHT22 is that the output signal can be transmitted via cables up to 20 meters long [14]. 
The DHT22 module is a recessive element. The DHT22 module also has an advantage in reading the 
quality of the sensing data that is more responsive. In addition, the module also has a reasonably fast 





Figure 1. Electronic circuit design. 








A15 LDR sensor 
D20, D21 I2C 
D20, D21 RTC DS3231 
D50,D51,D52,D53 SD card module 
A13,A14 Switching 
 
The light intensity sensor used in this study is an LDR sensor (light dependent resistor). LDR is 
a type of resistor with resistance changes depending on the size of the light intensity received [16]. 
When the LDR sensor is subjected to high light intensity, the resistance value is low and the LDR 
becomes a good conductor [17]. For RTC and I2C on the LCD, pin D21 is used for SCL (Serial Clock) 
and D20 for SDA (Serial Data). A device connected to an I2C (Inter-Integrated Circuit) system can be 
operated as Master or Slave. Master is a device that ends or starts data transfer on I2C by generating a 
Start or Stop signal and can also generate a clock signal. The slave is a device that is addressed by the 
master [18]. I2C relies on an address scheme to communicate [19]. The RTC used is the DS3231, an 
accurate real-time I2C clock with a Temperature Compensated Crystal Oscillator (TCXO) and an 
integrated crystal. In this device, there is an input for the battery that maintains accurate timekeeping 
when the main power to the device is disconnected [20]. The modules and pins used in the design are 
shown in Table 1. 
 
2.2. Arduino Program Design 
The program begins with the initialization of the SD Card and other sensors used. If the “Menu” button 
(part (c) in Figure 1) is pressed, the program will automatically switch to the clock setting. When the 
Arduino has appropriately initialized all the tools, data will begin to be taken by the sensor and then 
sent to the microcontroller. When Arduino has received the data, that will be displayed on the 16×2 
LCD that has been prepared. Besides displayed on the LCD, data will also be saved in the SD card 
previously installed on the module every 10 minutes. 
 
2.3. Tool Calibration 
Calibration is the process of equalizing the measurements of the tools that have made with standardized 
measuring devices. This calibration needs to do so that the measurement results from the designed tools 
can match reality. For example, the temperature measurement component calibrated with a 
thermometer, the humidity component calibrated with a hygrometer, and the light intensity component 
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DT is the measurement value of design tool and CT is the measurement value of calibration tool. 
3. Results and Discussion 
This section contains the realization of the greenhouse monitoring system, which includes several parts, 
namely how the system works, hardware, and software of the tool. First, system works are presented in 
the form of a workflow to understand the overall work process of the system. Second, the hardware 
section discusses the devices used, such as the data retrieval process. Next, the software discusses the 
data processing process. Finally, based on the data taken, an analysis will be carried out on the work 
process. From here, conclusions can be obtained. 
 
3.1. Block Diagram of Measuring Tool Work System 
The working principle of the tool system that has designed shown in Figure 2. The sensors used to 
consist of sensors of temperature, humidity, and light intensity. After the sensor takes measurements, 
the data is sent to the microcontroller and stored in the SD card connected to the module. Finally, the 
processed data will be displayed via a 16×2 LCD. SD Card reader modules generally designed using an  






Figure 2. Block diagram of measuring tool work system. 
 
SPI (Serial Peripheral Interface) interface [21]. LCD or Liquid Crystal Display (LCD) is a device that 
often used to display data. LCD serves as a means of communication with humans in the form of writing 
or images. To connect the microcontroller to LCD, it is necessary to configure the pins on the LCD with 
the ports on the microcontroller [22]. 
 
3.2. Device Implementation Results 
After the physical form of the electronic system with an integrated network implement, complete 
hardware will be obtained. The electronic devices used include the Arduino Mega 2560 microcontroller 
along with sensors and other modules. The design of the tool shown in Figure 3. 
The “Menu” button and the “Ganti” button (part (c) in Figure 1) use to enter the date and time 
settings. If the “Menu” button press, it will enter the initial function of setting the date and time, which 
indicate by two flashing digits on the top-left of the LCD. After that, we can press the “Ganti” button 
until the clock is correct. When the “Menu” button press again, it will enter the minutes setting. The 
“Ganti” button uses to set the appropriate minute digits. Then the “Menu” button is pressed again, it 
will enter the date setting. Press the “Ganti” button to select the proper date digit. Press the “Menu” 
button again to enter the month setting. Press the “Ganti” button to choose the appropriate month digit. 
Then the “Menu” button is pressed again. It will enter the year setting. Press the “Ganti” button to select 
the proper year digit (the year shown on the screen is the last two digits of the year 20xx). Finally, press 




Figure 3. Design of the tool. 
 
 






Figure 4. The resulting Logger.txt data. 
 
Table 2. Measuring data. 
 
Parameter Temperature (°C) Humadity (%) Light Intensity (Cd) 
Maximal 28.2 99.9 606 
Minimal 16.9 99.9 202 
Average 22.1 99.9 332 
 
3.3. Data Storage 
The data that has taken will store on the SD card that has installed. The data will be entered 
automatically into the Logger.txt file. The file name can be changed as long as the file name in the 
Arduino program is also changed according to the name of the file used as data storage (all letters must 
match, capital or ordinary letters also affect). The data stored is relatively small. Data collection is 
carried out every 10 minutes for two days. The resulting Logger.txt data size after the measurement is 
approximately 13.3 KB. The temperature, humidity, and light intensity measurement data stored in 
Logger.txt shown in Figure 4. 
 
3.4. Discussion 
The test carried out for two days, on 16 and 17 October 2019, in the BALITJESTRO Batu greenhouse. 
The tools and sensors placed in the greenhouse room. The data of time, temperature, humidity, and light 
intensity has taken about every 10 minutes using the wake-up interrupt function of the RTC (Real Time 
Clock) module. RTC with the addition of the wake-up interrupt method used for more precise time 
synchronization [23]. During the two days of measurement, 289 data were obtained. The data obtained 
briefly presented in Table 2. 
 
3.5. Calibration Result 
Based on Equation (1), the relative error of temperature for the designed tool to the thermometer is 
0.007%, the relative error of air humidity for the designed tool to the hygrometer is 0.082%, and the 
relative error of intensity for the designed instrument to the luxmeter is 0.016%. Therefore, each 
measurement indicator has a relative error value of <1%, so that the designed tool has valid and under 
the standardized measuring instrument. 
4. Conclusion 
Measurement of temperature, humidity, and light intensity using SD card-based sensors with Arduino 
Mega to increase the effectiveness of agricultural research at BALITJESTRO has been under standard 
measuring instruments. The designed tool has an accuracy of up to 0.1 °C in temperature measurement. 
Based on temperature calibration with a thermometer, temperature obtained a relative error of 0.007%. 
The designed tool has an accuracy of up to 0.1% in the measurement of air humidity. Based on the 
humidity calibration with a hygrometer, humidity obtained a relative error of 0.082%. The designed 




tool has an accuracy of up to 1 Cd in measuring light intensity. Based on the light intensity calibration 
with a luxmeter, light intensity obtained a relative error of 0.016%. The measuring results show that the 
temperature values fluctuate between 16.9 °C to 28.2 °C. The value of air humidity tends to remain at 
the value of 99.9%. At the same time, the value of light intensity ranges from 202 to 606 Cd. 
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